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本文
1 . 概要
本研究は ､ イ オ ン交換性 の層状ス メ クタイ ト系粘土鉱物をホ ス トと して用 い ､ こ れ らの
層内表面 を構造チ ュ ー ニ ン グゲス ト､ 不斉配位子および遷移金属錯体で化学修飾して種々
の 層間サイ ズ を有する新規な層間固定化錯体触媒を創製した ｡ 特筆す べ き点と して ､ (1)
アルキルアンモニウム(CnNつ修飾層状粘土鉱物 - の Rh-ホスフィン錯体のインターカレー ションと様 々 な層間距離を持
っ 多重修飾層間固定化錯体(MM S)の 合成､ (2)ホ ス トの 層電荷密度を変える こ と によるゲ ス
ト分子 の 立体化学制御､ (3)MMSを触媒とする不斉など高度な分子認識触媒機能に つ い て の
評価+ (4) 舶S の層間サイ ズ および層間ゲス トの 立体構造変化が及 ぼす触媒挙動 の明確
化等を行 っ た ｡ すなわ ち､ 構造チ ュ ー ニ ン グゲス ト修飾と い う斬新な概念を導入 して ､ 層
状構造を安定に保持した層間固定化錯体触媒を創製 した｡ 具体的には ､ 用 い た CnN
＋は 1級
(cnH2｡.2NH,
＋
､ l
o
c
h) お よび 4 級アンモニウム( (CnH2n.2,) 2 (CH,) 2NH,
＋
､ 4
o
C
n) で炭素数 (cn) を10､
14､ 18と変えたと こ ろ､ 1
o
C
n
で クリア ラ ン ス ス ペ ー ス(CS)=0. 37- 1. 07n m(△CS-0･ 7n m) ､
4
o
C
m で CS
-1. 93- 2. 88n m(△CS-0. 95n m) の範囲で層間サイ ズ制御する こ とが出来た｡ こ の
結果､ 触媒活性およびそ の分子認識性は構造チ ュ ー ニ ン グゲス トの サイ ズ と配向性に強く
依存す る こ と を見出 した. す なわち ､ α - ヒ
○
ネンの 不斉水素化を行 っ た とこ ろ､ 低電荷療度の
- ク トライ ト(NaHT)をホ ス トに用 い た Rh- DIOP/CnN
＋
/NaH T(CS=2. 46- 2. 78n m)で は ､ 収率が
1. 3 - 7. 3%で 選択性は 50- 70%e. 令. で あ っ たが ､ 約 3 倍の 電荷礎度を有す るテ ニ オ ライ ト
(LiTN)をホ ス トに用 い た Rh- DIOP/CnN
＋
/LiTN(CS-1. 93- 2. 88n m)で は ､ 収率は 99. 8%､ 選択性
は 92%e. e･i羊ま で向上 したo さらに ､ 高圧条件下(30気圧)にお い て均
一 系錯体は活性およ
び選択性が著 しく低下する の に対 し､ MMS触媒は著 しく高 い値を維持 し､ 安定な触媒で あ
る･こ と を見出 した ｡ さ らに ､ ケ トン の 水素化におい て も活性を示 した ｡
以上 の 成果より ､ 結晶性粘土鉱物ホストの層間を構造チエ - ニげ ゲストで 立体制御すると､ 触媒
活性および不斉選択性を向上させる ことがで きた｡ さらに ､ 他 のプ ロキラルな化合物の 不斉水
素化反応に 展開で き る と思われる ｡ 当初の 目的の大部分は達成で きたが ､ 同目的の 一 つ で
ある ｢へ州ライト層間 - のフォトタロミック化合物のインターカt/- ションと光化学反応による層構造変化+ に つ
い て は ､ 同反応 の み で はホ ス ト構造を変動させる条件を見出すには至 らな か っ た｡
2 . 序論
結晶性層状化合物 の層空間は触媒反応における分子認識場と して非常に重要 で ある ｡
我々 は膨潤性に優れた ス メクタイ ト系粘土鉱物の層間に ､ 独自の 方法で 金属錯体をイ ン
タ ー カ レ ー トさせ た層間固定化金属錯体(Rh- 不斉ホ ス フ ィ ン) を合成し､ 分子認識触媒
と して の 機能を調 べ た結果､ 以下 の 層間化合物に特徴的な触媒挙動を見い だ した ｡
■ すな
わち ､ (1)イ タ コ ン 酸 エ ス テ ル の 不斉水素化触媒反応に対 して エ ス テ ル 基の サイ ズ に依存
して著 しい 選択性変化(64- 88%e. e .)が見 られ たが ､ 均 一 系錯体で はサイ ズ依存性が見ら
れない (60%e. e. 以 下) 0 (2)反応溶媒に対する粘土ホ ス トの 膨潤度と不斉選択性 の間に
相関性を見い だ し､ 膨潤度の 小さ い溶媒で選択性が著 しく増加 した ｡ こ れ ら の 結果は ､
均 一 系錯体 の みで は観測されず明らかに粘土ホ ス ト構造が不斉選択性に影響を与えて い
る こ と を示唆 して い る｡ 他 に(3)オ レ フィ ン の 形状選択水素化､ (4)ア ル キ ン および ジ ェ
ン の 部分水素化､ 位置選択性水素化に商運択性を示す ことを見出 した0
また ､ 我々 は独自 の粘土層間修飾法を見 い だ して いる ｡ すなわち ､ 従来の カ チオ ン
交換法以外に ､ 層間化学修飾配位子および層間重合配位子 -.の 配位子交換法を見出 した｡
よ っ て ､ 金属錯体 のイ ンタ ー カ レ ー シ ョ ン で は非水系溶媒が利用でき るた め､ 広範囲な
錯体を利用 した層開国定化触媒が合成可能にな っ た ｡ 層間固定化触媒の特徴は ､ 以下の 4
点が挙げられる :(1) 層間を活性種だけで なく､ 他 の構造制御種 (チ ュ ー ニ ン グゲス ト)
も同時に多重修飾可能で ある｡ (2) 層間距離を厳密に制御する こ とにより ､ 反応悟性や選
択性を制御 できる ｡ (3)比較的大きな高分子 (糖､ たんばく質､ 核酸など) をイ ンタ ー カ
レ ー トで きる ｡ (4)天然に存在する層状結晶の粘土鉱物や安価な金属酸化物塩をホス トと
して利用する こ とは ､ 化学的 ･ 物理的安定性､ 資源有効利用､ 経済性から見て も非常に
魅力的で ある ｡
そ こ で ､ 本研究 で は柔軟性の ある層構造を種々 の チ ュ ー ニ ン グゲ ス トで層間修飾す
る こ と により ､ (1)さ まざまな層間距離を持 つ 固定化錯体を合成 し､ 層間距離が及ぼす触
媒反応活性および分子認識性を調 べ る o (2) 光ある い は熱などの外的刺激により ホ ス ト層
間距離が変動可能な固定化触媒を創製し､ そ の 反応活性および選択性を調 べ る｡ ここ で
は､ 反応進行中､ 外的刺激に応答 して層構造が隣時に変化して触媒活性および選択性が
変化す る こ とか ら､ 極 めて初歩的で あるが自己制御型の触媒､ すなわちイ ン テ リ ジ ェ ン
ト触媒と して の 可能性を検討する｡
本研究 で の 特色は ､ 第 一 に､ 無機層状化合物層間を触媒反応場に利用する こ と にあ
る｡ 第 二 に､ こ の 反応場の 空間サイ ズ を任意に変化させ て ､ 反応活性および選択性を制
御する こ と にある Q 第三 に ､ 反応進行中､ 外的刺激により こ の層空間を (触媒反応速度
に比較して) 短時間に変化させ ､ 活性および選択性を制御する こ七 にあるo すなわ ち､
自ら応答する自己制御型 の触媒を目指す研究で ある ｡ 構造に柔軟性 のある層状化合物は､
ゼ オライ トなどの 剛直な三次元結晶と比較すると ､ ホス ト - ゲス ト間の 精密な適合性とい
る観点か らすると 一 見不利 の ように考えられる o む しろ､ こ の構造柔軟性を利用 して自
己制御型触媒を開発する の で ある｡ また ､ 修飾剤や反応条件を制御す る こ とで こ の 構造
柔軟性を克服 し､ 均 一 構造を保持する こ とが可能で ある ｡ こ の ような自己応答型触媒は､
極 めて初歩的で あるが外的刺激官能部と反応活性部を組込んだ触媒と して は､ 極めて新
規性があり新 しい タイ プ の 触媒開発研究と して非常に意義 の高い こ とと考えられる｡
3 . 結果 と考察
3 ･ 1 Inte rlqye r Modljicaiio n ofSm e ctite s with both Str u ctu ral Tu ning Gu e sts a nd Chif al
Rhodiu mCo mple xe s
T he c atlysis of the s m e ctiteinte r c alted m etalc o mple x e sis v ery s e nsitiv eto the en vir o n m ent
ofthe intel･1aye r spa c e asdes cribed in the pl
･
e viou s chapte r･ T he optimiz atio n of e n vir o n m e nt
l
'
eaCtio n c o ndu ctedis akeyfa ctorto achie vethehighsele ctivity.
1'2
Altho ughthepre cis e c o ntr olof
thelaye r str u ctu r eis r equir edfor e nhancl ngthehighsele ctivity,itisimpo ssibleto c o ntr olthelayer
spa c eby the s w elling withs olv e nts･ T he r efo r e, to c o ntr ol of the laye r str u ctu repr e cis ely,
qu ate r n al
･
y alkyla m m o niu m w as uedas a
H
str u ctu raltuninggu e st
H
be c a u s ethe alkyla m m o niu m w as
e a silyinte rc altedintothehostbyc atio nex cha nge a nd inte rlaye r spa ci ngC a nbe changedc a･ 0･13
n mper one metbyle n e u nitby v aryl ngthe siz eofthe alkyla m moniu m e mployed･ Fu r也e r more,
v a ryl ngthele ngthofthelongitudinalchain s e x e rtthesa m e effe ctasthe chargede n sityofthehost･
3･
5
So fa r, the a比yla m m o niu m m odified clay ha sbe e nu s ed in the indu stry as rhe ologic al
contr ollingage ntsinpaints,gre ase s, a nd c o s m etics･
6
An otherap plic atio n ofthe o rga no- claytothe
indu stryisthe clay-polym e r n a n ocompo site s
7･9
a ndthe ads orbe ntsforpo ol
･1y w ate rs oluble o rga nic
spe cies･
10'Ll
onthe othe rha nd,the o rga n o- clayisthe s ubjectsin vie w ofthe m ole c ular ass e mblies
inthe s cie ntificfield･ Fo r e x a mple･ the e xte nsiv e studie s ofthe su rfa cta ntinter c alted clayfilm s
ha v e classifiedthe highly o rder ed stl.u Ctu reOfthe gu est afte r v ario u sphoto che mic al rea ctio n s,
wher ethe role ofthegu e sts u rfa cta ntsistopr odu c ethehydrophobicinterlaye r spa c e, to controlthe
state ofphoto s e n sitiv eprobes,
12･15
a ndtopillar organic allybythe a c c o m m odatio nofgu e stspe cie s･
16
The pr e cis e str u ctu r al c o ntr ol ofthe clay-inter calated c atalystby usi ng .the stru ctu r altu ning
gu ests w a sde s c ribedinthis chapte r･ Ne w clays upported c atalysts,in whichbothstr u ctu raltu ning
gu e st a nd chir al a ctiv e spe cie s w ere m odified in the galle ry of s m e ctites, w e r e synthe siz ed by
simple c atio n e x cha nge m ethod(Sche m e3-1)･ Pr epa ratio n a nd char a cte riz atio n ofthis m ultiple-
m odi丘eds m e ctite(M MS)w erede s cribed inthefollo wing.
Restdts at一d Dis c llSSio n
Intercalatio n a m o u nts ofMMS
Intel'C alatio n a m o u nts ofq- CJs m e ctite a nd M MS
'
s a relistedin Table 3- 1. W he nq-C18(0.75
equiv ale nt ofC･E･C･ of NaH T)w asinter c alted into NaH T, inte r c altio n a mo u nt ofq- C18NaH Tw a s
0/49･4/NaHT(18)･ The n, R hDIOP' w as inte r calated into 0/49･4/NaH T(18) to giv e
7･4/41･8/NaH T(18)･ The s einte r c altion a m o u nts w ere e xpr es s ed a s 0/51.7/NaH T(18) and
8･5/48･0/NaH T(18)in % of C･E･C･, r espe ctiv ely, indic ating a pa rt ofq-C18 in q-Cl押 aH Tw as
e xchanged with Rh- DI O P
'
bythe intercalatio n of R h- D IOP
'
into q-CIJNaH T. Similarte nde n cy
w as obs e r v ed in allofthe M MS's ass um m ariz edin Table3-l･ Thes e obs erv atio n s als o s ugge st
thatn o s egr egatio nbefo u nd in allofthe M M S.
IRspe c trafor alkyla m m o niu m17WdlPeds m e ctite a ndM MS
Se v e r alIRspe ctl
･
afo rthe alkylam m o niu m m odifleds m e ctite s and M MSa re sho w nin Figu r e3-
1to 3-6･ The s e asslgn m e ntS ar e S u m mariz ed in Table 3-･2 a nd 3-3. T hebands at c a. 2920c m
･1
du eto v
w
C - H(sp
3
)and at c a･ 1470c m
･1
du eto 6 C-fI
2(sp
3
)w er e a ssign edtothe str u ctu r altu ning
gu e st･ T he ba nds at3055c m
'l
du eto vC-H(sp
2
)a nd c a･ at1435c m
-I
du eto vP{(Ar o m)w ere
a ss lgn edtothe chiral
■
rhodiu m c o mple x es･
21･22 Thebands atabo ut 1010and 997c m
-i
du eto vSi-0
w e r e a s sign edtothefr a m e work ofthe silic atelaye rin NaH Tand LiT N, re spe ctiv ely･
23-25
Allof the
alkyla m m o niu m m odiTleds m e ctite s sho w edthebandsdu etotheho standthe str u ctu raltu ning gu est.
The n
,
theba ndsdu eto R h- D IOP
'
w er e obs e r v ed in al1ofthe M MS
,
s, a ndtheba nddu eto C10
4
･
a s a
c o u nte r a nio n ofthe rbodiu m c o mple x w asdis appe a red, cle a rlyindic atingtheinte rc alatio n ofthe
rhodium co mple xinto alkylam m o niu m m odifieds m e ctite spr o ce ededbyc atio nexcha nge･
X R Dm e a s w em e ntsfo r s m e ctites m odlPedwithstl･u cturaltu ning gu e sts a ndM MS
XRD pattern sfo r s m e ctites m odifl ed withstr u ctur altu ning gu est a nd M MS ar e sho w ninfrom
Figure3-7to3-12･ In allofthe modifleds m e ctites, a sharpd仙1Pe akof the o rlg n al ho stshiftedto
the s maller a ngle afte rtheinte rc alatio n ofthe str u ctu r altu ninggu e st,indic atingthe cle ar a n c e spa c e
(C･S･ =dool -thickn e s s ofsilic atelayer(0･96 n m))w a s e xpa ndedto I.85- 2.88nm as s u m m ariz ed in
Table3-4･ Withr espe ctto0/49･4/NaH T(18)a nd0/36･4/NaH T(18), a sho ulde rpe ak w a sin volv ed
in d
o olpeak, indic atingthe s einter c altio n c o mpo u nds ha v e afe wpha s es withdifferentinte rlaye r
spacings･ In c o ntr a stthe othe r str u ctu r al tunlng gu est- m Odifleds me ctite s a show edsingle phas e
●
witha shal･PdooIPe ak･ The n, R h- DIOP
＋
w a sinterc alated intothestr u ctu r altu ning gu est- m odified
●
s m e ctite sto glV eMM S･ Ea ch MM Se xhibited a sha rpdooIPeak withthe s ec ond a ndthe third
r efle ctio n, s ugge stingboth Rh-DIOP
'
a ndq
-CIB W e r ea c c o m m odated inthe s a m egalle ry witho ut
s egregatio n･ In additio nthe u nkno w nphas e sin 0/49･4/NaH T(18)a nd0/36A/NaH T(18) w e r e
dis appe ar ed,thatis,the r e c o nstr uc加n ofthelaye rw a s o c c u rred intheinte r c altio n ofthe rhodiu m
c o mple x･ The e xpa n sion ofC･S･ w a s obs el
･
V ed in10･9/54･3/NaH T(18), 7.4/4l.8/NaH T(18), and
lO･5/46･5/LiT N(10)afte rtheinter c altio n of R h- DIOP十 into their origin alq-CJs m e ctite. With
r espe ct tothe othe rM M S
'
s, theirC･S･ w e re stillr etain ed de spite oftheinter cala加 n ofthe rbo 血 m
c o mple xintotheir o rigin alq-Cn/s m e ctite･
Ku r oda et all r epo rted the o rie ntatio n ofq-C柑 in v ario u s s m e ctite s, whe rethe e mployed
sm e ctites a ndtheir C･E･C･ w e resapo nitefo r70 and TS M for120m moト100g clay' r espe ctively･
Theinterc alatio n a mou nt a ndthebas alspa cing of針CIJsapo nite w er e67m m ol･ 100ga nd2.2 n m,
r e spe ctively, a nd針C18for m edps eido-trim ole c ularlaye rsinthe silic ate she et. In c o ntr astthos eof
q- Cl/TSM w e re 105m m ol-loos a nd3･2 n m, r espectiv ely, a ndq-C18form ed m o n olaye r and/o r
bilaye rinthe silic atelayer･
26･28
Thedife re n c ein the o rie ntatio n ofthe str u ctu raltuning gu e stbetw e e nNaH Ta nd LiTN was
cle arlyobs e r v ed･ Its e em ed re a s o n ableto as s u m ethat the orie ntatio n of針C18in NaH Twas mo n o
a ndthatin LiT Nw asqua si-bilaye r a rr ange me ntsbythe c o mparis o n ofthis w ork withtheir r e s ults.
Thetildngangle
29
ofq-Cn w as calc ulatedfr o mtheC･S･ a ndthe molecular siz eofq-Cn,i･e･ 2･76 for
q-C18, 2･24 fo rq-C1.･ a nd l･74 n m fo rq- CIO･
30･31
The tilting a ngle sfo r0/59･3/NaH T(18),
0/49 A/NaHT(18), a nd 0/36･4/NaHT(18) w e r e7l, 45, and 60o, , e spe cdvely, in m o nolaye r
arra nge m e nts･ After the inter c altio n of R h-DIOP
'
into q-C18/ NaH T, the tilting a ngle sfor
10･9/54･3/NaH T(18), 7･4/41･8/NaH T(18), and 15･4/31･4桝aH T(18)bec am e90, 65, and 58o in
m o n olaye rarl
･
a nge m e nts, r espe ctiv ely, indicatingthat the orie ntatio n ofq
- C
18 W a s Changedin the
NaH T ho st.
In c o ntr ast
,
the tilting a ngle fo r M MS with LiT N ho st r e mained to b･e 90o e v e n afte rthe
interc alatio n of R h- D IOP
'
intoq-CJLiTN bec a u s e ofitshigh1aye r chargede n sity(abo ut thr e etim es
to NaH T)･ In q-Cn/LiTN e a chstr u ctu raltu ning gue stfo rm edqu asi-bilaye r o rderingperpe ndic ular
to silic atelaye r･ s othat M MS sho w ed little e xpa nsio n ofC･S･ despite ofthe inter calatio nofthe
rhodiu m c o mple x･ So m e m odelsfo rM MS
,
s withdifer e ntstr u cturaltu ninggu est w er edepicted
inFigu r e3-13and 3-14.
Sin c ethe o rientatio n of Rh- DIOP＋ c a n n otbedete ctedbythe char a cte riz adon e mployed inthe
pre s e nt w o rk, the o rie ntatio nmightbe r egulated bythelayer charge asthe str u cturaltu ning gu e stis.
TEM photographs oftheinterc alatio n c o mpo unds
To in v e stigate the mic r o str uctu r e ofthe inte r c altio n c o mpo u nds, T E Mm e as u1
･
e m e nts w er e
e xamin ed･ Se v e r alphotogr aphs ofs m e ctites,q-Cl/S m e Ctite, andMMSar esho w ninFigu r e3-15to
3-20･ In e a chphotogr aph the fringe s w er e r egularslacking ofthe individu als m ectite laye rs.
Unifo rmly e xpa ndedlayel
･
S W e reObs e r v ed in q- CIJs m e ctite a nd MM S, indic ating the r egulal･
o rie ntatio n ofthe str uctu r altu nl nggue sts a ndR血- DIOP
･
･ The e xpansio n ofthelaye rspa c lnginthe●
o rlgin al ho sts a触rtheinte r c altio n w as als oobs e r v ed in T E Mphotogr apbs･ The laye r spacl ng
w as m e a s u l
'
edfr o mthephotogr aphs,i･e･ 0･9- 1･Ofo rNaH T, 2･9-3･3 fo r0/59･3/NaH T(18),3.3-3.6fo,
lO･9/54･3/NaH T(18), 0･9-1･1 fo r LiTN, 2･9-3･3 for 0/46.5/LiT N(18), a nd 3.3- 3.6 n m fo r
18.3/42.8/LiTN(18), respectiv ely. T he selaye rspacingoftheinte r c altio n c o mpo unds w ere alittle
s m alle rtha nbas alspac l nge stim ated fr o mX R Dm e a s u re m e ntsbe c a u s e ofthe r e m o v alofadditon al
●
●
ads orbed w ate r a nd/o r e rr o rin m e as u ringthelaye r spa cl ng. In additio n, EDS spe ctra of M MS
sho w edRhLα1Pe ak･ Nope ak du eto chlo rin e w asdete cted, s uggestingtheinte rc altio nproceeded
byc atio n e x change.
1
Conclu sio n
A n e wtype of hosトgu e st c atalyst w a s synthe siz edby a simple catio n excha nge in tw o steps
u nder a mbie nt atm o sphe re. C ha r a cte riz atio n oftheinte rc altio n c o mpo u nds byF T･IR a nd E DS
reve aledthat the inte rc alation pr o c e ed d by cation e x cha nge. X R Da nd T EM m e a s u re m e nts
s ugge stedthe highly ordered str u cture of the inter c altio n c o mpo u nds. T he o rie ntatio n ofthe
stru ctu raltu ning gu est w a s c ontr olledby the layer charge de n sity of the ho sts a s w ell asthe
lo adings ofthe gu e sts. Fu rther more, the str u ctu r altu ning gu e sts play I mpo rta nt r ole sin the
o rie ntation c ontl.Olofrhodiu m c omplex esaswel asthe e xpa n sio n oftheinte rlayer spa c e.
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3 1 2 Catalysis ofMultiple M odlJied Sm e ctite
The optimiz ation ofthe re a ctio nfield in c atlytic r e a ction sis a s e rious s ubjectto a chie v ehigh
activity a nd s ele ctivity･
l
whe n c e rtain a ctiv espe cies ar epla c ed in v ario u spor e sin in o rga nic
c rystallin e s, the activ e species wille xhibitthe char acte ristic beha vior in c o mpa ris o nwi ththe
● ●
orlgln ala ctiv e spe cie s alo n e･ The reha v ebe e n e xte nsiv e studies o nthein o rga nicho sトgu estsystem
in which u n u s u al pr operty w as obs e r v ed c o mpared to the o rigin al gue st･
2･7
For in sta n c e
,
char a cte ristic re c ognitionsbyz e olite s
8･12
a nd clay
13･16
ha v ebe e nkn o w n as shapesele ctivity. Thes e
char a cte ristic r e c ognitio n s are o rigin ated fr o m c o n str ain edgu e st c o nfo r m atio n, w el o rde red ar r ay
ofthegu e st･ and inte ra ctio nbetw e e nho st a ndgtle St.
T he m ultiple- m odified s m e ctite s characte riz ed in the pre vious chapte r w er e applied to
a sym m etric a ndstere o s el ctiv ehydr oge n ation toglV e Char a cteristic r e c ognitio n･ A dr a stic change
in c atalysis wa s obs er v ed by v aryingtheho st, that is･ thedr a stic e nhan c e m e nti the a ctivity and
●
s ele ctivity wa s a chie v ed bythe o rie ntation c o ntr ol ofstr u ctur altu ning gu est ･ Inthis chapte rthe
effe ct oftheguesto rie ntatio n o n c atalysis w a s studied, a ndtheimporta n c e ofthe optimiz ationin the
r e a ctio nfield
, such asthe s uitableinterlaye r m odific atio n, w a s e mpha siz ed.
Re stllts a nd Dis c us sio n
Catalysis ofM M Swith NaHT ho st
(1R)-(＋)- α -pin e n ew ashydr oge n atedtoyield(1R)-(＋)- e ndo a nde x o-pin a n e as sho w ninSche m e
4-1･17
･19
T he c atlytic perfo r m a n c efo rthe ho m oge n e o u s c atalyst, R h- D IOP
･
inte r calated into
NaH T(27･6/0/NaHT)andLiT N(10.2/0/LiTN), a nd al1ofthe M MS w as s u m m arizedin Table 4_1
a nd 4- 2, whe re the s ele ctivity is defin ed as s el ctivity (ex o) ≡ 100×(ex o-endo)/(ex o ＋e ndo).
A ltho ugh R h-DIOP
'
a nd27･6/0/NaH Tga v ehighsele ctivity,i･e･ 89･6 and84･5 %, respe ctiv ely,the
latte r c atlyst sho w ed lo w e r c o n v el
･
Sio n at 606 kPa (28･0 %)･ On the othe r hand,
7･4/41･8/NaH T(18)sho wed m ∝h lo w e r c o n v ersio n(1･6 %)a nd m ode rate s el ctivity(52.0 %)at
606kPa･ Altho ughthe a ctivity and s ele ctivity w e re e xpe ctedto rise up asin c r e as lng P H2,
20
n o
distincte nha n c e m e nti the a ctivity a nds ele ctivity w as obs e r v ed. Similarbeha vio r w asobse r v ed
in15･4/31･4/NaH T(18)a ndlO･9/54･3/NaHT(18)assho w nin Figu r e4-1･ T heirlo w a ctivitie s m ay
a ris efrom thegu e st o rie ntationthatpr o videin s ufrlCientspa c e ar o u ndRh- DIOP
･
inthega11e ry･
Catalysis ofMMS depending o nthe o rie ntatio n ofstru ctw altu ning gu e st
Tba chie v e e x c elle ntc atalysis M MS withthehighlyorde red 帥eStS W e r e required. Sin c eLiTN
ha s ahighcha rge de n sity(aboutthr e etim e sto NaH T)thegu est orie ntatio ninthegalle ry willtake
the highly o rde r ed stru cturein comparis o n with thatin NaH T ho st･ W he nM MS withLiT N ho st
w as utiliz edtothe c atalyticrea ctio n, dr astic e nha n c e m e nti the a ctivity w a s obs e r v ed.(s e eTable
4-2.) At1010kPathe c o n v er sio nby18.3/42.8/LiT N(18)w a s abo ut10-60tim e shighertha nthat
fo rM MS with NaH Tho sL In additio n at202 kPathe c o n v e rsio nby 18.3/42.8/LiT N(18) w as
c o mpar able to thatby 27.6/0/NaH Tat606 kPa･ T he dr astic e nha n c e m e nt o rigin atedfr o mthe
differ e n c ein thegu e st o l
.ie ntatio nbetw e e nNaH Ta nd LiT N ho st. W hilethetilting a ngles ofthe
str u cturaltuning gu e stsin NaH T ho sts w er e58 and60
o
e x c eptfo r10.9/54.3/NaH T(18),the a ngle
fo r18.3/42.8/LiT N(18)w a s90
o
. Sin c ethe alkyltu ning gu e stsin LiT Nw er e arr ayedv e rtic aly
tothe silic atelayerdu eto higherlaye r charge de n sity, the o rie ntatio n of R h- D IOP
'
in LiTNlaye r
w as as s u m edtobe m o r e r egulatedtha nin NaH T layer, thatis, LiTN m aypr o videthe s ubstrata the
opportu nity to a c c e ssthe activ e site sin the galle ry, s o that the high a ctivity w as obs e r v ed･
Co n sequ e ntly, the s ele ctivityw asals o e nhan c ed in LiT Nho sta s sho w nin Table4
-3 a ndFigur e4-2.
In c o ntr a st
,
witho ut the str u ctu r altuning gu e sts, s u ch as27.6/0/NaH T and 10.2/0/LiT N, n o
n otic e able e nha n c e m e ntboth inthe activity a nds ele ctivity w a s obs er v ed.
W ithr e spe ct to 10.9/54.3/NaH T(18)the a ctivity w asm u chlo w er than 18･3/42･8/LiT N(18)
despite of its v e rtic altilting angle ofq- CIB･ ButlO･9/54･3/NaHT(18)is the m o st a ctiv eam o ng
M MS with NaH T ho stbe c a u s e of itshigher o rie ntatio n ofq-Cl Stha nthat ofthe otherM MS with
NaH T ho st. The diffe r e n c einthe a ctivitybetw e e n18.3/42.8/LiT N(18)a nd 10.9/54.3/NaH T(18)
co uldbehardlye xplain ed bythetilting angle. T hediffer e n c e w as s uppo s edtobethe spa c e ar o u nd
R血- DIOP
＋
fo rthe re a ctio n a nd/o r cha nge sinthe ele ctr o nde n sity ofthe rhodiu m c o mple x e sby也e
laye r charge.
P H2depe nde n c e o n c atalysis ofM MSwith LiTN ho st
T heP H
2
depe nde n c ein c atalysis w a sals o obs er v edinboth18･3/42･8/LiT N(18)andR h- D IOP
'
.
(s e eFigu r e4-3･) T he P H2 Change m ay c a u s ethe cha nge ofthe r e a ctio npathw ay a nd als othe
stability of the R h- D IO P
'
-s ubstr ate addu cts. T he m e chanistic s che m efo rR h- D IOP
'
a nd M MS-
c atalyz ed hydr oge n atio n of a -pl n e n edepe ndingo nP H2is sho w nin Figu r e4
-4･ Itis a ss u m edthat
thehydr oge n atio n via Ppin e n e(te r min al olefin), which isis o m e riz edfr o m a-pin e n e,pr o c e eddto
yieldthelo w e r s ele ctivity u nde rlo w e rP H2 o wingtole s s stable Rh
- DIOP
'
-P･pin e n e addu ct. In
c o ntr ast, the dir e cthydroge n atio nfr o m a-pl n e n ePr o c e ed d m o r eto glV ethe higher s el ctivity
●
u nde rhigherP H,, sin ce the c o rre spo ndingaddu ct of a -pin e n e(inte r n al olefin)w as ste rical1y m ore
fa v o r able.
In R h- D IOP
'
the s ele ctivitya ndthe con v el
･
Sio nin c re as ed with in cr easi ngP H2 u ntil 1010k Pa,
indic atingthedir e cthydl
･
Ogen ationpathw ayfr om a -pln e n ein cr e a s ed･ A bo v e1010k Pa ofP H2the
str o ngc o o rdin atio n of the hydride mightelo ngatethe R h-Pbo nd, s othat the C2 Sym m etry Of the
rhodiu m- chelated pho sphin e a nd the liga nd-s ubstr ate inte r a ctio n de c r e a s ed. T he s ubs equ e nt
lo w el-1ng Of the C2 Sym m etry Ofthe chiralpho sphin eliga nd m adethe s ele ctivitya ndc o n v e rsio n
de cr e as ed
,
altho ughthe rhodiu m c o mple x e s c atalyz edthedir e cthydl
.
Oge n atio n ofthe s ubstl
.
ate. In
additio nthe stl.etch ofthe Rh-Pbo nd c a u s edthe elimin atio n oftheliga ndfr o mthe m etalc e nte r a nd
the s ubs equ e ntaggr egatio n ofthe m etalspe cie s, s othat the s ele ctivitya nda ctivityde c r e as ed.
10
In c o ntr astthesele ctivitya ndthe c o n v el
･
Sio nfo r18･3/42･8/LiT N(18)keptrisinge v e nwhen PH2
ex c e eded 1010kPa･ T hisc atalysisinthe M MS w as a sc ribedtothe rete ntio n ofthe well-defin ed
chir al str u ctu r e ofthe rhodiu m c o mple x es as well asthe in cr e as eofthe pathw ay ofthe dire ct
hydr oge n atio n withincr e aslngP H2･ T he rhodiu m c o mple x esinthegaleryinte r a cted with boththe
●
str u ctu r altu ning gu ests andthe silic ate she et oftheho st, s othatthe w elトdefin edchiralstr u ctu reof
the origin alrhodium c o mp･le x es w aspre v e nted fr o mthe str etch ofthe R h-P bond bythe str o ng
c o ordination ofthe hydride･(s e eFigure 4-5.) The w elトdefined chiralstr u ctur e of the rhodiu m
c omplexe sin the galle ry ga v ethe high sele ctivity a nd a ctivity･ T he s e observ atio nindic ate the
stabiliz atio n ofthe m etalc o mple xbyinter c altingthe co mple xintothelaye rlatticesilic ate.
The P H
2
depe nde n c e w as ls o obs e r v ed in lO･7/46･9/LiTN(14) and 10.5/46.5/LiT N(10) as
sho w ninTable4-3,butthedepe nde n c ebe c am e obs cureand activityw as e nha n cedasde c re a si ngthe
●
siz e ofthe str u ctur altmingguest･ Sofar, the c a u s e ofthe s ebeha vio ris unkn o w n, butpr obably
du eto the diffe renc ein ele ctr o ndensity ofthe rhodiu m comple x e sin the hostlayer a nd/o rthe
c o nfo r m atio noflongitudin alalkylchain ofthe stru ctu r altu ninggu e st.
Ste re o s electivehydroge n atio n of4-tert-butylcyclohe x al Wne
Cha r acte ristic re c ognitio n of M MS abo v e m e ntio n ed w as e xte ndedto the other u n s atu r ated
s ubstr ate s
,
thatis
,
the r e c ognitio nis w el r eprodu cible･ M MS c atalyz edthe hydr oge n atio n of4-
te rt-butylcyclohe x a nonetoyieldcisヰte rt-butylcyclohe x a n olpr edo min a ntlya s sho w ninSche m e4-
2･ T he c o n v e rsio n a nd s ele ctivity(cis) are s u m m a riz edin Table 4 A, whe r ethe s ele ctivity is
defined a s s el ctivity(cis) I 100×(cis-tra ms)/(cis＋tr a n s)･ 18･3/42･8/LiTN(18)gav e c o mpar able
s ele ctivity a nd higher c o n v e rsio nc o mparedto M MS with NaH T ho st, R h- D IOP＋, andthe sm ectite
inte rc alted Rh- DIOP
＋
as show nin Figu re4-6, s ugge stingthere c ogni･tio nby M MS w a s applic able
n oto nlyfo rprochiralolefinbutals ofo rthe othe r u n s atu r ateds ubstrate.
Fu rthe r m o r e
,
the siz e s el ctivity w asfo u ndin M MS with LiTN host. M MS be c am e m o r e
a ctiv einthe orde rof 18･3/42･8瓜iTN(18)> 10.7/46･卯LiT N(14)> 10.5/46.5 凡iTN(10), thatis, the
co n v e r sio nin cl.eas eda sthe e xpan sio nofthe cle ar an c e spa ce.(s e eFigu re4-7.)
Structu re ofM MSaPer c atalytic re a ctio n
18･3/42･8 化iT N(18) w as cha r acte riz ed by X R D a nd F T IRm e a s u r e m e nts afte r the
hydr ogenatio n ofpin e n e･ A fterthe r e a ctio n anorigin alsharpdooI Pe ak ofM MS w as shiftedtothe
larger angle and be c am e alittlebr o ade n ed,indic atingthatthelaye redstr u ctu re w a sstilr etain edin
spite of alittle shrinkage oftheinte rlaye rspac ing aS Sho w nin Figure 418･ T he shrinkage w as
●
e stim atedtobeO･1 2n m
, which is n e arly the s am e with
･
the siz e ofa m ethyle n e u nit, and afterthe
re a ctio nC･S･ of M MS wa s cha ngedto2･76nm and agre e w ellwiththe m ole c ular siz eofq-C1 8･(S e e
Table 4-5･) T his obs erv atio n s ugge stedthat the o rie ntatio n ofthe str u ctur altu ning gu e st w as
cha nged fr o mqu asi-bilaye rto m o n olayerwitho utchangingthe v e rtic alti1ting angle･ InIR-spe ctr a
thepe ak vP- C(Ar o m)du etothe rhodiu m co mple x e s w as stillretain ed despite ofalittlede c r e a seof
pe ak abs o rba n c e aftel
. the re a ctio n･(s e eFigure4-9 a nd Table4-6.) The s e char a cteriz atio n re v e ald
that thelaye redstr u ctu re w as stillretained u nde rthehighpres s u r e andthe rhodiu m c o mple x e s were
pr e s e ntinthegalle ryafte rthe rea ctio n s.
Co n clu sio n
M MS e xhibitedthe char a cteristic re c ognitio ndepe nding o nthe o rie ntatio n ofthe str u ctural
ll
tu ning gu e sts. T he size s ele ctivity w a s als o obse r v ed by the layer str uctu r eof M MS. T he
str u ctu r altu ning guestsplayI mportantl
･
01esinthe o rie ntatio n c o ntrol ofthe rhodiu m co mple xe s a s
w ella sthe e xpa n sio n of inte rlayerspa c e･ The e nha n c e m e nti the c atalytic a ctivityands ele ctivity
w a s a c c o mplished by the s uitable str u ctu r al m odific atio n of the ho st
-gu e st c atalysts･ MMS
stabiliz edthe m etalc o mple x es u nde rthe highpre s s u r e, a ndthelaye r edstr u ctu re w as stillretain ed
afte rthe r e a ctio n s.
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Table3-1･ Intercalatio n am o u nts ofq-Cn/s mectite and M M Sa
Ho st
Str u ctu ral
tunlnggu est
NaH T q-C18
LiT N q{18
q
-C14
q{10
q-Cn/s m e ctite
/m m oト100gb
0/59･3/NaH T(18)
[0/99･6/NaH T(18)〕
0/49･4/NaH T(18)
[0/51･7/NaH T(18)]
0/36･4/NaH T(18)
【0/42･0/NaH T(18)】
Cbiral m etal
co mple x
R b- DI O P十
0/46･6/LiT N(18) Rh- DI O P･
【0/17･4/LiTN(18)]
0/49･2/LiTN(14)
【0/24･6/LiT N(14)]
0/54･3/LiT N(10)
[0/24･8/LiTN(10)]
M M S
/m m oト100g
b
10･9/54･3/NaH T(18)
[12･6/62.7/NaH T(18)】
7･4/41.8/NaH T(18)
[815/48.0/NaH T(18)]
15･4/31･4/NaH T(18)
〔17･8/36.3/NaHT(18)】
18･3/42･8/LiTN(18)
[6･8/16･8/Li T N(18)]
10･7/46･9/LiT N(14)
[4･0/17･5/LiTN(14)]
10･5/46.5/LiTN(10)
〔3･9/17.3/LiT N(10)】
The flr St andthe s e c ondvalue sindicateintercalation am ounts(m m ol-100g)of
R h- DI O P＋ andq-Cn(n =18, 14, and10), respectively, obtainedfr o mC H N
analyses and U V- Vis m e a su re m ents
,
andnis an u mber oflongitudin alchain.
Intercalatio n amou ntsinbla ckets ar e e xpre s sed in % of C.E
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Table3-4･ Stru ctu raldatafo r str u ctur altuning gueStS 甲Odifieds m e ctite s
and M M S
Sample
2∂/ dool/ C･S･
a/ Tiltng a ngle of
degre e n m n m q-cu
b
/ degre e
Na m
27.6/0/NaH T
O/5 9.3/NaH T(18)
10.9/54.3/NaH T(18)
0/49.4/NaH T(18)
7.4/41.8/NaH T(18)
0/36.4/NaH T(18)
15.4/31.4/NaH T(18)
LiT N
I0.2/0/LiT N
O/46.6/LiTN(18)
18.3/4
I
2.8/LiTN(18)
7.1 2 1.24
3.86 2.29
2.45 3.60
2.36 3.74
2.82 3.13
2.50 3.53
0.28 c
1.3 3 c
2.64 71
2.78 90
2.17 45
2
.57 65
2.56 3.45 2.49
2.58 3.42 2.46
7.26 1.2 2 0.26
4.4 3 1.99 1.03
60
5 8
C
2.3 0 3.84 2.88 90
2
.30 3.84 2
.8 8 90
0/49.2/LiT N(14) 2.5 8 3.4 2 2.46 90
10.7/46.9/LiT N(14) 2.60 3.40 2.4 4 90
0/54.3/LiT N(10) 3.14 2.81 1.85 90
10.5/46.5/LiTN(10) 3.06 2.89 1.93 90
a Clearance spa c e= d｡｡1-thetbick皿eSS Ofsilic atelayer(0.96 n m).
b Ele v ation angle ofq-Cnlo ngitudinalstraightch aintothelaye rpla n e,
ba s edo nC.S.(n =10, 14, and 18)
c Stru cturaltu nlng gue stis n otpre s ent･
Table 4-l･ Asym m etrichydrogen ation
a
of(1恥(＋)- α -pine nebyR h-DIO P･,
R h-DI OP＋/NaH T
,
and M M Swith NaHThost
Catalyst
b
sele ctivity(e x o)
c
R h- DI O P'
27.6/0/NaH T
1O･9/54･3/ NaH T(18)
7･4/41･8/NaH T(18)
15･4/31.4/NaHT(18)
89.6
87.5
84
.5
71.0
72.0
74
.6
82.2
52.0
50.5
5 6.4
5 6.1
Co nversio n/ % 粕 2/kPa
96.7 606
22.2 3030
28.0 606
6.0 202
9.3 606
9.7 1010
18.4 303 0
1.6 606
1.7 1010
2.9 23 23
3.2 1 010
69･5 7.3 3030
Reaction c onditons:reactio ntim e
,
2 4h;s olve nt,3 mlof MeOH;T = 303 K;
substr ate
,
6･25×10
-4
m ol;substr ate/catalyst = 1 0 .
The fi r st a nd the s econdvalu esindic ateinter calated amou nts of Rh-DI OP＋
andq{18(m mol-1 0g), respe ctiv ely.
Sele ctivity(e xo)isdefi n ed aslOOx(e xo - e ndo)/(e x o＋e ndo).
Table4-2. Str u ctu raldata a nd c atalytic activ ltyfo r MM S
a
MMS
1o ading a m ou nt
ノm moト100g
Rh-DIOP/q- C1 8/Host
b
clea ran c e Tilting angle of co nversio n
spa c e
c/nm q-C18/degre e / %
27.6/0/NaH T(18)
10.9/54.3/NaH T(18)
7.4/41.8/NaH T(18)
15.4/31.4/NaHT(18)
10.2ノ0/LiTN(18)
18.3/42.8/LiTN(18)
1.3 3 - d 28.O e
2.78 9 0 9.7
2.57 65 1.7
2
.
46 5 8 3.2
1.03 - d 48.5
2.88 90 97.4
Re a ction condito n s : r e a ction tim e
,
24 h･
,
T= 3 03K; nlっ =1010kPa;
s olv e nt
,
3 mlof MeO H;c atalyst,6･25×10
-6
m ol-R血;substr ate/c atalyst=10 .
NaH T: 即ao3 3]
＋0･3 3[Mg2.6 7Li..3 3(Si4010)F2]
1 0･3 3
LiTN : mi]'1[Mg2Li(Si4010)F2]
-1
･
Cle ar anc9spa.
C e=d
o ol
-thickn es s ofsilic atelayer(0.96 n m).
q-C1 81S n otPr e S e nt･
PHっ=606kPa. The other co nditio n sa r eide nticalwith fo otnote a.
Table4-3
･ Asym m etric hydroge n ation
a
of(1 R)-(＋)- α -pine n ebyR h-DIOP･,
Rh- DIO P'/LiTN, and M M Swith LiT N host
Catalyst
b
selectivity(exo)
c
R b- DIO P十
10.2/0/LiTN
18･3/42･8/LiTN(18)
10･7/46･9/LiTN(14)
10･5/46･5/LiTN(10)
Co nversio n/% 粕 2/ kPa
89.6 96.7
87.5 22.2
86.2 4 8.5
80.2 25.7
88.4 80.1
89.6 97.4
92.0 99.8
84,5 64.5
89.1 99.6
606
3030
1010
202
606
1010
3030
202
606
9 2･7 100.0 3030
87･8 90･6 202
91･7 99･6 3030
Rea ction condito n sar eidenticalwi th footnote ain Table 4-1.
The first aJld the se c ondvalu e sindic ateinter calated amo unts of Rh- DI O P＋
andq-Cn(m m oト100g), r espectively･ (n =18, 1 4, and10)
sele ctivity(exo)isdefi n ed aslO x(e x o- e ndo)/(ex o＋e ndo).
Table 4-4･ Hydr ogenation of 4-te rt-butylcyclohe x a non ebyRh- DI O P
十
,
Rh- DI O P＋/s m e ctites a nd M M Sa
Catalyst
b
sele ctivity(cis)
c
/ % Co nv e rsio n/ %
R h- DI OP＋ 98.9 94.2
27.6/0/NaHT 99.7 94.6
10.9/54.3/NaHT(18) 95.9 11.8
7.4/41.8/ NaHT(18) 8 2.7 9.4
15.4/3 1.4/NaHT(18) 99.0 67.0
10.2/0/LiT N 95.9 43.0
18･3/4 2.8/LiTN(18) 99.6 95.1
10･7/46.9/LiTN(14) 97.9 73.7
10･5/46･5/LiTN(10) 97.4 63.0
Re action c ondition s : rea ctio ntide
,
2 4h;s olvent,3 ml of MeO H;T = 303K;
m 2=101k Pa;substr ate, 6･25×10
-4
m ol;s ubstr ate/c atalyst = 1 0 .
T hefirst and the se co ndvalue sindic ateinte r calated am o u nts of R h- DI O P.
andq- Cn(m mol-100g), respe ctiv ely. (n =18, 1 4, and10)
Sele ctivityisdefin ed aslOOx(cis-tr a n s)/(cis＋tra n s).
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Figure3-1･ IRspectr afor(a)NaH T,(b)Rh-DI O P
＋
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(d)0/59･3/NaH T(18), and(e)10･9/5 4･3/NaH T(18).
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Figure3-2･ IRspe ctrafor(a)NaH T,(b)Rh-DIO P
'
,(c)q-C18,
(d)0/49.4/NaH T(18), and(e)7.4/41.8/NaH T(18).
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Figu re3-3･ I Rspectrafo r(a)NaH T,(b)Rh-DI O P
'
,(c)q-C18,
(d)0/36･4 伽aH T(18), and(e)15.4/31.4/NaH T(18).
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Figu r e3-4. I Rspe ctr afor(a)LiT N,(b)Rh-D IO P
'
,(c)q{ 18,
(d)0/46.6/LiT N(18), a nd(e)18.3/42.8/LiT N(18).
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Figur e3-5･ IRspectrafor(a)LiTN,(b)Rh- DIO P
'
,(c)q-C1 .,
(d)0/49･2/LiT N(14), and(e)10.7/46.9/LiT N(14).
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Figure3-6･ I Rspe ctr afor(a)LiT N,(b)R h- DI O P
'
,(c)q-CIO,
(d)0/54.3/LiT N(10), and(e)10.5/46.5/LiT N(10).
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Figure3-7･ X R Dpatte rn sfo r(a)NaH T,(b)0/59･3/NaH T(18), a nd(c)10･9/54･3/NaH T(18).
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Figure3-8･ X R Dpattern sfo r(a)NaH T,(b)0/49.4/NaH T(18), a nd(c)7.4/41.8/NaH T(18).
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Figu re3-10･ X R Dpatte rn sfor(a)LiT N,(b)0/46.6/LiTN(18), a nd(c)18.3/42.8/LiT N(18).
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Figu r e3-12･ X R Dpatte rn sfor(a)LiT N,(b)0/54.3/LiT N(10), aJld(c)10.5/46.5/LiT N(10).
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Figu r e4-5･ Co nversion by M MS with LiT N hosta s a氏1nCtio nof C.S.in
ster eo s electiv ehydrogen ation of4-te rt-butylcyclohexanon e.
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Figure4-6･ ⅩR Dpatte m sfo r(a)18･3/42･8/LiT N(18)(asprepared)
and(b)18.3/42.8/LiT N(18)(afterre acdo n)I
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Figur e4-7･ IRspectrafor(a)18 3/42･8/LiT N(18)(asprepar ed)
a nd(b)18.3/42.8/LiTN(18)(a鮎 r r eaction)･
